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[57] ABSTRACT

A dosage form is provided for administering a drug of the

formula
A
O
N—CyHzp—N N—R
__/

O

to a patient to produce an anxiolytic benefit in the patient.

30 Claims, 5 Drawing Sheets
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1
ANTIDEPRESSIVE THERAPY

CROSS-REFERENCE TO REILATED
APPLICATIONS

This application is a Continuation-in-part application of
Ser. No. 07/842,682, filed Feb. 27, 1992, now U.S. Pat. No.
5,185,158, 1ssued Feb. 9, 1993. This application is cross-
referenced to Ser. No. 07/942,899, filed Sep. 10, 1992, now
U.S. Pat. No. 5,246,710, issued Sep. 21, 1993; to Ser. No.
07/943,618, filed Sep. 10, 1992, now U.S. Pat. No. 5,246,
711, issued Sep. 21, 1993; and to Ser. No. 010,086, filed Jan.
27, 1993, now U.S. Pat. No. 5,330,762.

FIELD OF THE INVENTION

~ This invention pertains to a novel and useful dosage form

comprising the therapeutic drug represented by the general
formula:

O
N—C,Hy,=—N N-~R

The invention concerns also a method for treating depressive
disorders by administering the dosage form for delivering
the drug of the general formula to a patient in need of
antidepressive therapy. The invention relates also to novel

compositions comprising the general formula, which com-
positions are useful for manufacturing the dosage form.

BACKGROUND OF THE INVENTION

A health need exits for a dosage form comprising the
therapeutically active drug of the general formula (1): in
either exo or endo form, the base, and pharmaceutically
acceptable salts thereof:

A

o
N—C,pHzp—N N—R
./

especially for a dosage form that exhibits an essentially zero
order release rate of the drug over a long period of time. In
formula (1), A is a member selected from the group con-
sisting of an oXxXygen atom, a methylene group and an
ethylene group, the full line embracing a broken line
( ) designates either a single bond or a double bond,
R is a phenyl group optionally substituted with a member
selected from the group consisting of halogen, an alkyl
group of 1 to 4 carbons, an alkoxy group of 1 to 4 carbons,
a trifluoromethyl group, a 2-pyridyl group and a
2-pyrimidinyl group, and wherein n is an integer of 3 or 4.

A presently preferred drug embraced by formula (1) is
represented by formula (2).
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/0
N—{CHz}4—N N
s ~O)

The drug depicted by formula (2) is known also as
tandospirone, or by the name 4,7-methano-1H-isoindole-1,
3(2H)-dione, hexahydro-2[4-[-(2-pyrimidinyl)-1-
piperazinyl]butyl]-(3ac,43,7p3,7a0)-2-hydroxy-1,2,3-
propanetricarboxylate (1:1) or as N-[4-[4-(2-pyrimidinyl)-
1-piperazinyl]butyl-2,3-norbornanedicarboximide; and the
base and pharmaceutically acceptable salts thereof. The
drugs of both formulae are taught in prior art patents U.S.
Pat. Nos. 4,507,303; 4,543,355; 4,598,078 and 5,011,841.
The beneficial drugs of the formulae are administered by the
prior art in rapid release dosage forms, such as tablet,
capsule, syrup and suspension. With such rapid release
forms, the drug is administered by repeated administration
to produce a therapeutic level.

Generally, for rapid release dosage forms, as known to the
prior art also as instant release dosage forms, the release rate
profile follows the cube root law, that is, the release rate
decreases with time, Inter. J. Pharm., Vol. 62, pp 143-151,
1990. This release rate pattern provides unpredictable
therapy and it is often accompanied by a period of time,
when the patient is not receiving the drug. A critical health
need exists for a zero order dosage form that overcomes the
shortcomings known to the prior art. A zero order dosage
form provides drug continuously to the patient for constant
therapy for better health. A dosage form made with zero
order drug delivery properties, provides drug at a controlled
rate as a zero order plot of the rate of release of drug versus
time shows an essentially straight line that indicates the rate
of release is independent of time. A dosage form, according
to the present invention, that provides for the zero order
administration of drugs of formulae of (1) and (2), would
represent a major advancement to the drug delivery art,
because the controlled and sustained zero order release of
drug in a known and uniform dose over a long period of time
reinforces better therapy. |

In light of the above presentation, it will be evident to
those versed in the dispensing art, that a pressing need exists
for a dosage form possessing a zero order rate of release that
can deliver the valuable drug of formulae 1 and 2 for its
therapy. The pressing need exists for a dosage form having
a zero order rate of release, which zero order is generated by
osmotic activity, while simultaneously maintaining the
physical and chemical integrity of the osmotic dosage form
during the drug delivery period.

OBJECTS AND ASPECTS OF THE INVENTION

Accordingly, in view of the above presentation, it is an
immediate object of this invention to provide a dosage form
for delivering, at an essentially zero order rate of release, the
drug of formulae (1) and (2) to a patient in need of formulae
(1) and (2) drug therapy.

Another object of the present invention is to provide a
zero order dosage form that substantially overcomes the
deficiencies associated with the prior art.

Another object of the present invention is to provide a
dosage form for administering formulae (1) and (2) drug at

a zero order rate of release dose over a prolonged period of
time for treating depressive disorders.
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Another object of the present invention is to provide a
dosage form that makes available zero order sustained and

controlled tandospirone therapeutic activity for anxiolytic
therapy.

Another object of the invention 1s to provide a novel
dosage form manufactured as an osmotic dosage form that
can administer a drug embraced by formula (1) at a zero
order rate to a biological receptor site {o produce the desired
pharmacecutical effects.

Another object of the invention is to provide a novel
dosage form manufactured as an osmotic dosage form that
can administer tandospirone at a zero order rate to a bio-
logical receptor site to produce the desired pharmaceutical
effects.

Another object of the present invention is to provide a
dosage form manufactured as an osmotic dosage form that
substantially reduces and/or substantially climinates the
unwanted influences of the gastrointestinal environment of
use and still provides controlled administration of formulae
(1) and (2} drugs over time.

Another object of the present invention is to provide an
osmotic operated dosage form that maintains its physical
and chemical integrity while producing an internal high
osmotic pressure during the delivery of tandospirone.

Another object of the present invention is to provide a
dosage form adapted for oral administration of tandospirone,
which dosage form comprises a first tandospirone compo-
sition and a second push composition that act together for
the rate controlled administration of tandospirone to a
patient over time.

Another object of the present invention is to provide a
composition of matter comprising tandospirone, which com-
position is useful for manufacturing a dosage form.

Another object of the present invention is to provide a
complete pharmaceutical regimen comprising a composition
comprising tandospirone that can be dispensed from an
osmotic delivery device, the use of which requires interven-
tion only initiation and possibly for the termination of the
regimen.

Another object of the invention is to provide a method for
treating depressive disorder comprising administering an
antidepressive effective dose of tandospirone from a zero
order dosage form, to a warm-blooded animal. |

Another object of the invention 1s to provide the use of a
dosage form for administering tandospirone from a dosage
form at an osmotically powered rate over time, wherein the
tandospirone is selected from the group consisting of a base,
a salt, an endo and an exo form.

Another object of this invention is to provide a novel
method of manufacturing poly(ethylene oxide)-containing
formulations for use in drug delivery devices.

In one aspect of the present invention there is provided a
therapeutic composition comprising a proportion of a drug
of the following formula:

A
O
N=—C,Hr,—N N—R
__/

in which A is oxygen, a methylene group or an ethylene
group, the full line embracing a broken line is either a single
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or a double bond, R is a member selected form phenyl,
phenyl substituted with a halogen a, C, to C, alkoxy, a
trifluoromethyl, a 2-pyridyl, and a 2-pyrimidinyl group; and
n is 3 to 4; and a polymer composition comprising the
repeating molecular unit —(—CH,CH,—),— where n is
4500 to. 7500.

In another aspect of the invention the polymer composi-
tion may comprise a composition as claimed in claim 1
characterized by formulating the drug with a first polymer
comprising a repeating molecular unit —(O—CH,CH,—)
—,» Wherein n 1s 4500 to 5000, and with a second polymer
comprising a repeating molecular unit —(O—CH,CH,—)

—,.» Wherein n is 6500 to 7500, which first and second
polymer carry the drug from the device and release: the drug
essentially free of polymer retention.

In a particular aspect of the present invention the drug
constitutes less than 50% of the composition and in a
particular aspect of the invention the polymeric composition

- comprises:
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a. a polymer selected from the repeating molecular unit
~——O—CH,~—CH,—)—, wherein n is in the range
of 4000 to 5500, and a mixture thereof with a polymer
having the same repeating molecular unit wherein n is
in the range of 6500 to 7500,

b. 0-3% by weight of a lubricant;
c. -20% by weight of an osmagent;
d. 0—4% by weight of an antioxidant and

e. 0-10% by weight of polyvinyl a binder.
In a further aspect of the invention the applicants have found
that when the drug composition is below 45% of the total
composition the supply of drug is much improved.
According to a further aspect of the invention there is
provided an osmotic delivery device for the delivery of a
composition as claimed in any one of the preceding claims,
which device comprises:
a. a wall comprising a member selected from cellulose
acylate, cellulose diacylate and cellulose triacylate,
which wall surrounds:

b. an internal compartment containing the drug compo-
sition;

c. at least one passageway in the wall that connects the
exterior of the device with the compartment;

d. a push composition in the compartment comprising an
osmopolymer that, in the presence of fluid that enters
the compartment, increases in dimensions and thereby
occupies space in the compartment; and wherein the
osmotic device is characterized by

e. a drug composition in accordance with the invention
which composition delivers the said drug from the
device to the patient at a substantially zero order rate of
release over a period of 24 hours.

BRIEF DESCRIPTION OF THE DRAWINGS

In these drawing figures, which are not drawn to scale, but
are set forth to illustrate various embodiments of the
invention, the Figures are as follows:

FIG. 11s a view of a dosage form designed and shaped for
administering orally the drugs of formulac (1) and (2)
including presently preferred tandospirone to biological,
gastrointestinal receptors of drugs of formulae (1) and (2)
including tandospirone;

FIG. 2 is an opened-view of the dosage form of drawing
FIG. 1, for illustrating the total structure of the dosage form;

FIG. 3A and 3B are graphs that depict the dose of
tandospirone citrate released per hour over a prolonged
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period of twenty-four hours and the cumulative dose
released from the dosage form;

FIG. 4 is a graph depicting the cumulative amount of
tandospirone citrate released at a conmtrolled rate from a
different dosage form provided by the invention;

FIG. 5 is a graph depicting the release from two different
dosage forms comprising difterent drug layers from the
dosage forms;

FIG. 6A and 6B are graphs depicting the pattern of
tandospirone citrate release from a preferred embodiment of
this invention; and, |

FIG. 7A and 7B are graphs depicting the performance of

two different tandospirone citrate containing continuous
release dosage forms. |

In the drawing figures and in the specification like parts in
related drawing figure are identified by like numbers. The
terms appearing earlier in the specification and in the

description of the drawings, as well as embodiments thereof,
are further described elsewhere in the disclosure.

DETAIL ED DESCRIPTION OF THE DRAWING
FIGURES

Turning now to the drawing figures in detail, which
drawing figures are an example of the dosage forms pro-
vided by this invention, and which example is not to be
construed as limiting the invention, one example of the
dosage form is illustrated in drawing FIG. 1 and designated
by the numeral 10. In drawing FIG. 1, dosage form 10
comprises a body member 11 comprising a wall 12 that
surrounds and encloses an internal compartment, not seen in
drawing FIG. 1. Wall 12 keeps its physical integrity and
structure in the presence of osmotic and hydrodynamic
pressure generated within dosage form 10 during operation
of dosage form 10. Dosage form 10 comprises at least one
~ exit means 13 for connecting the interior of dosage form 10
with the exterior environment of use.

In drawing FIG. 2, dosage form 10, manufactured as an
osmotic dosage form, is seen in opened view. In drawing
FI1G. 2, dosage form 10 comprises body 11, wall 12 that is
sectioned at 14, depicts wall 12 that surrounds and defines

an internal compartment 15. Wall 12 comprises at least one
exit means 13 that connects compartment 15 with the
extertor of dosage form 10. Dosage torm 10 can comprise
more than one exit means 13.

Wall 12 of dosage form 10 comprises a composition that
1s permeable to the passage of an exterior fluid present in the
fluid environment of use, and the wall-forming composition

is substantially impermeable to the dmg of formulae (1) and

(2), and to other components present in compartment 15,
The composition is scmipermeable, it 1s nontoxic and sub-
stantially inert. The composition maintains its physical and
chemical integrity, that is, it does not change its chemical
nature, independently of the structure of wall 12. Wall 12
comprises from 70 weight percent, (Wt %), to 100 wt % of
a cellulose wall-forming polymer. The polymer comprises a
member selected from the group consisting of cellulose
acylate, cellulose diacylate, cellulose triacylate, cellulose
acetate, cellulose diacetate and cellulose triacetate. In
another operative manufacture, wall 12 comprises addition-
ally from 0 wt % to 25 wt % of a cellulose ether selected
from the group consisting of hydroxypropylcellulose and
hydroxypropylmethylcellulose; and from O wt % to 15 wt %
of a polyethylene glycol. The total weight percent of all
components comprising wall 12 is equal to 100 wt %.

Dosage form 10, as seen in drawing FIG. 2, in compart-
ment 15 comprises a drug layer 16 and a push layer 17. Drug
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6

layer 16 and push layer 17 act together, during operation of
dosage form 10, for the delivery of drug of formulae (1) and
(2) to a patient in need of formulae (1) and (2) therapy. Drug
layer 16 and push layer 17 also act with wall 12 for the
controlled rate of release of drug of formulae (1) and (2)

over time.

Drug layer 16 comprises 15 wt % to 60 wt % of a drug
selected from formula (1) as exemplified by formula (2)
which depicts tandospirone, and its therapeutically accept-
able salts, identified by dots 18. The therapeutic dose of a
formula (1) drug as represented by tandospirone 18 in a
single dosage form 10, expressed in milligrams, (mg), is
from 1 mg to 750 mg. Individual dosage form 10 comprises
2, 5, 10, 40, 50, 80, 120, 160, 250, 300, 500 and 750 mg of
drug for administering in a single dose, or in more than one
dose. The pharmaceutically acceptable non-toxic salts of the
drugs of formulae (1) and (2) useful for the purpose of the
invention include a member selected from the group con-
sisting of inorganic, organic, hydrochloric, hydrobromic,
sulfuric, phosphoric, acetic, propionic, butyric, tartaric,
citric, maleic, fumaric, lysine, succinic, palmitic, and gly-
cine salts.

Drug layer 16 comprises additionally a polymer 19,
depicted by a wavy line, for transporting drug 18 from
dosage form 10. Polymer 19, in one manufacture comprises
the stracture —(O—CH,CH,—)—, wherein n is a positive
whole number of 4000 to 5500. Representative of the
polymer 19 is a poly(oxyethylene) of approximate average
molecular weight of 2x10°. Polymer 19 in another manu-
facture comprises the structure (—O—CH,CH,—)—,
wherein n is a positive whole number of 5700 to 7500.
Representative of this polymer 19 is poly(oxyethylene) of
approximate average molecular weight of 3x10°, Drug layer
16, comprises in another manufacture a polymer composi-
tion comprising a first polymer and a second polymer
blended together to function as a unit polymer 19 compris-
ing drug 18. The first polymer comprises the polymer
described immediately above and the second polymer com-
prises the second polymer described immediately above.
The concentration of polymer 19 in drug layer 16 is in the
range of from 2060 wt %, with the provision that if the drug
content 1s over 45%, polymer 19 shounid preferably be the
first and second polymer pair. The concentration of polymer
19 in drug layer 16 is in the range of from 30-60 wt %, in
a more preferred embodiment when the drug content is less
than 45% polymer 19 is a single polymer selected from the
first polymer. A single poly(ethylene oxide) provides unex-
pected advantages. For example, a single poly(ethylene
oxide) can be used in the drug layer to provide a quicker
start-up delivery period for the drug and for delivering more
drug in less time. The use of a single poly(ethylene oxide),
for example having a molecular weight of 200,000, will
hydrate at a faster rate for a quicker start-up and have a lower
viscosity for the drug formulation for delivering the drug
formulation from the dosage form in a greater camulative
dose 1n less time. Additionally, for manufacturing purposes,
it is more preferred to be able to use a single polymer for
delivering the drug whenever possible to achieve this the
drug concentrate cannot exceed 45 wt %. For example, in
one manufacture of a dosage form provided by the invention
comprises 25 wt % to 45 wt % of tandospirone citrate and
a single poly(ethylene oxide) comprising a 200,000 molecu-
lar weight. Polymer 19, present as a single polymer, or as a
first and second polymer pair, effectively transports drug 18
from dosage form 10, and releases drug 18 of formulae (1)
or (2) to a drug receptor to produce its therapeutic effect. It
is unexpected polymer 19, in both manufactures, can per-
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form its housing-transporting-releasing-compositional func-
tions as a complex drug composition comprising the drug of
formulae (1) or (2) essentially-free of any bonding of drug
18 to polymer 19.

Drug layer 16 comprises optionally from zero wt % to 5
wt % of a lubricant 20 such as magnesium stearate or
calcium stearate; from 0 to 20 wt % of an osmotically active
compound 21 such as a member selected from the group
consisting of an inorganic salt, an organic salt, a compound
containing an amino group, a carbohydrate, an acid and an
ester; and O wt % to 4 wt % of an anti-oxidant for imparting
stability to the drug composition 16, said anti-oxidant com-
prising a member selected from the group consisting of
ascorbic acid, 2,3-butyl hydroxyanisole, mono-tertiary butyl
hydroquinone, and butylated hydroxytoluene; and 0 to 20 wt
% of a binder such as polyvinylpyrrolidone (PVP) having a
3,000 to 1,250,000 molecular weight, a cellulose ether such
as hydroxypropylmethyl cellulose, or hydroxypropyl cellu-
lose or a sugar such as sorbitol. The total weight percent of
all components in drug 16 is equal to 100 wt %.

Second layer 17 comprises 50 wt % to 75 wt % of a
polymer 22 comprising the repeating molecular unit
—(—O0O—CH,CH,—)—,, wherein n is a positive whole
number of 90,000 to 230,000. Representative of polymer 22
embraced by the repeating molecular unit is a poly(alkaline
oxide) comprising poly(ethylene oxide) comprising an
approximate average molecular weight of 4x10° to 10x10°.
Polymer 22 provides unexpected operating advantages as
the polymer maintains its chemical composition during
operation as it imbibes an external aqueous fluid including
biological fluid while simultancously pushing drug layer 16
from dosage form 10 essentially-free of any substantial
mixing with drug layer 16. The second layer 17 can be
designated as a push layer and it is free of drug. Second layer
17 comprises also 15 wt % to 35 wt % of an osmotically
active compound 23, represented by small squares. Repre-
sentation of osmotically effective compounds comprises
salts, esters, carbohydrates and acids, such as a member
selected from the group consisting of magnesium sulfate,
magnesium chloride, sodium chloride, lithium chloride,
potassium sulfate, sodium sulfate, lithium sulfate, potassium
chloride, almmonium chloride, potassium lactate, mannitol,
urea, inositol, magnesium succinate, tartaric acid, ratfinose,
sorbitol, sucrose, fructose, glycose and the like. Second
layer 17 comprises also (.1 wt % to 20 wt % of a cellulose
ether 24 represented by small circles. Representative of
cellulose ethers comprise a member selected from the group
consisting of hydroxypropylcellulose and hydroxypropylm-
ethylcellulose having a molecular weight of 9,000 to 22,500.
The composition forming push layer 17 also comprises O wt
% to 5 wt % of a lubricant such as stearic acid, magnesium
stearate, calcium stearate, calcium oleate, oleic acid and
caprylic acid and 0—4 wt % of an antioxidant selected from
those listed above with respect to the drug layer 16. Even
though some of the materials noted above, such as the
cellulose ethers and sorbitol can also function as a binder, it
is often desirable to include from 0—70% of a binder such as
PVP, cellulose ethers or sorbitol in the push layer 17. For
processing purposes, the layer 17 can optionally contain up
to 10% by weight of an inert pigmenting agent such as ferric
oxide to impart a color to layer 17 that is different from that
of drug layer 16. The polyoxyethylene polymers disclosed
herein are commercially available from the Union Carbide
Corporation, South Charleston, W, Va,

The expression, “exit means 13”, as used herein, com-
prises means and methods suitable for the metered release of

the therapeutic drug 18 from compartment 15 of dosage
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8

form 10. The exit means 13 comprises at least one
passageway, orifice, bore, aperture, pore, porous element,
hollow fiber, capillary tube, porous overlay, and porous
element that provides for the osmotic controlled release of
drug 17. The expression exit means 13 includes a material
that erodes or is leached from wall 12 in a fluid environment
of use to produce at least one osmotic dimensioned passage-
way 13 is dosage form 10. Representative materials suitable
for forming a passageway, or a multiplicity of passageways
comprise a leachable poly(glycolic) acid or poly(lactic) acid
polymer in wall 12, a gelatinous filament, poly(vinyl
alcohol), leachable polysaccharides, salts and oxides. A pore
passageway, or more than one pore passageways can be
formed by leaching a leachable compound, such as sorbitol,
from wall 12. The passageway possessing controlled release
dimensions such as round, triangular, square, elliptical, and
the like, for the metered release of drug 17 from dosage form
10. Dosage form 10 can be construed with one or more
passageways in spaced apart relationship on a single surface
or on more than one surface of dosage form 10. Passageways
and equipments for forming passageways are disclosed in
U.S. Pat. Nos. 3,845,770; 3,916,899; 4,063,064; 4,088,864
and 4,816,203. Passageways formed by leaching are dis-
closed in U.S. Pat. Nos. 4,200,098 and 4,285,987.

DESCRIPTION OF PROCESSES FOR
MANUFACTURING THE DOSAGE FORM OF
THE INVENTION

Wall 12 of osmotic dosage form 10 can be formed in one
technique using the air suspension procedure. This proce-
dure consists in suspending and tumbling the compressed
layers in a current of air and wall forming composition until
a wall is applied to the drug forming compartment. The air
suspensions procedure is well-suited for independently
forming the wall. The air suspension procedure is described
in U.S. Pat. No. 2,799,241; J. Am. Pharm. Assoc., Vol. 48,
pages 451 to 459, 1959; and ibid. Vol. 49, pages 82 to 84,
1960. Osmotic dosage forms can also be coated with a
wall-forming composition in a Wurster® air suspension
coater, using acetone-water cosolvent, 90:10, wt:wt, using
2.5 to 7 wt % polymer solids. The Aeromatic® air suspen-
sion coater using a methylene dichloride methanol
cosolvent, 87:13, v:v, also can be used for applying the wall.
Other wall forming techniques, such as pan coating, can be
used for providing the dosage form. In the pan coating
system, wall forming compositions are deposited by succes-
sive spraying of the composition on the bilayered
compartiment, accompanying by tumbling in a rotating pan.
A larger volume of cosolvent can be used to reduce the
concentration of polymer solids to produce a thinner wall.
Finally, the wall coated compartments are laser or mechani-
cally drilled and dried in a forced air or humidity oven for
a week to free the dosage form of solvent. Generally, the
walls formed by these techniques have a thickness of 2 to 20
mils (0.051 to 0.51 mm) with a presently preferred thickness
of 2 to 6 mils (0.051 to 0.15 mm).

Dosage form 10 of the invention is manufactured by
standard manufacturing techniques. For example, in one
manufacture, the beneficial drug and other ingredients com-
prising the first layer facing the exit means are blended and
pressed into a solid layer. The drug and other ingredients can
be blended also with a solvent and mixed into a solid or
semisolid formed by conventional methods such as ball-
milling, calendering, stirring or rollmilling and then pressed
into a preselected shape. The layer possesses dimensions
that correspond to the internal dimensions of the area the
layer is to occupy in the dosage form and it also possesses
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dimensions corresponding to the second layer for forming a
contacting arrangement therewith. Next, the osmopolymer
layer is placed in contact with the drug layer. The layering
of the drug layer and the osmopolymer layer can be fabri-
cated by conventional press-layering techniques. Finally, the
two layer compartment forming members are surrounded
and coated with an outer wall. A passageway is laser drilled
through the wall to contact the drug layer, with the dosage
form optically oriented automatically by the laser equipment
for forming the passageway on the preselected surface.

In another manufacture, dosage form 10 is manufactured

by the wet granulation technique. In the wet granulation
technique, the drug and the ingredients comprising the first
layer are blended using an organic or inorganic solvent, such
as isopropyl alcohol-methylene dichloride 80/20 v/v as the
granulation fluid. Other granulating fluid, such as water or
denatured alcohol 100%, can be used for this purpose. The
ingredients forming the first layer are individually passed
through a 40 mesh screen and then thoroughly blended in a
mixer. Next, other ingredients comprising the first layer are
dissolved in a portion of the granulation fluid, such as the
cosolvent described above. Then, the latter prepared wet
blend is slowly added to the drug blend with continual
mixing in the blender. The granulating fluid is added until a
wet blend is produced, which wet mass then is forced
through a 20 mesh screen onto oven trays. The blend is dried
for 18 to 24 hours at 25° C. to 40° C. The dry granules are
screened then with a 16 mesh screen. Next, a lubricant is
passed through an 60 mesh screen and added to the dry
screened granule blend. The granulation is put into milling
jars and mixed on a jar mill for 2 to 10 minutes. The first and
second layer compositions are pressed into a layered tablet,
for example, in a Manesty® layer press. |

Another manufacturing process that can be used for
providing the drug and push composition comprises blend-
ing the powdered ingredients in a fluid bed granulator. After
the powdered ingredients are dry blended in the granulator,
a granulating fluid, for example poly(vinyl-pyrrolidone) in
water, is sprayed onto the powders. The coated powders are
then dried in a granulator. This process coats-agglomerates
all the ingredients present therein while spraying the granu-
lating fluid. After the granules are dried, a lubricant such as
stearic acid or magnesium stearate is blended as above into

the mixture. The granules are pressed then in the manner
described above.

We have found that when the fluid bed granulating
process is employed to manufacture the push layer 17, the
antioxidant (BHT) that is initially included in the polyoxy-
ethylene by the manufacturer, is removed during processing.
It therefore becomes necessary to add additional antioxidant
to the formulation and this addition can be accomplished
during the fluid bed granulation as described in more detail
in Example 9.

The osmotic device of this invention is manufactured in
another embodiment by mixing a drug with composition
forming ingredients and pressing the composition into a
solid layer possessing dimensions that correspond to the
internal dimensions of the compartment space adjacent to a
passageway. In another embodiment, the drug and other first
composition forming ingredients and a solvent are mixed
into a solid, or a semi-solid, by conventional methods such
as ballmilling, calendaring, stirring or rollmilling, and then
pressed into a preselected layer forming shape.

- In the manufactures as presented above, the manufacture
comprising a layer of a composition comprising an
osmopolymer and an optional osmagent are placed in con-
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tact with the layer comprising the drug, and the two lamina
comprising the layers are surrounded with a semipermeable
wall. The layering of the first drug composition and the
second osmopolymer optional osmagent composition can be
accomplished by using a conventional two-layer tablet press
technique. The wall can be applied by molding, spraying or
dipping the pressed shapes into wall forming materials.
Another and presently preferred technique that can be used
for applying the wall is the air suspension coating procedure.
This procedure consists in suspending and tambling the two
layers in a current of air until the wall forming composition
surrounds the layers. The air suspension procedure 1is
described in U.S. Pat. No. 2,799,241, J. Am. Pharm. Assoc.,
Vol. 48, pp 451-459 (1979); and, ibid, Vol. 49, pp 82-84
(1960). Other standard manufacturing procedures are
described in Modern Plastics Encyclopedia, Vol. 46, pp
62-70 (1969); and in Pharmaceutical Science, by
Remington, 14th Ed., pp 16261979, (1970), published by
Mack Publishing Co., Easton, Pa. The dosage forms can be
manufactured by following the teaching in U.S. Pat. Nos.
4,327,725, 4,612,008; 4,783,337, 4,863,456; and 4,902,514.

Exemplary solvents suitable for manufacturing the wall,
the laminates and laminae include inert inorgamic and
organic solvents that do not adversely harm the materials
and the final wall of the final laminated wall. The solvents
broadly include members selected from the group consisting
of aqueous solvents, alcohols, ketones, esters, ethers, ali-
phatic hydrocarbons, halogenated solvents, cycloaliphatics,
aromatics, heterocyclic solvents and mixtures thereof. Typi-
cal solvents include acetone, diacetone alcohol, methanol,
ethanol,isopropyl alcohol, butyl alcohol, methyl acetate,
ethyl acetate, isopropyl acetate, n-butyl acetate, methyl
isobutyl ketone, methyl propyl ketone, n-hexane,
n-heptaene, ethylene glycol monoethyl ether, ethylene gly-
col monoethylacetate, methylene dichloride, ethylene
dichloride, propylene dichloride, carbon chloroform,
nitroethane, nitropropane, tetrachloroethane, ethyl ether, 1so-
propyl ether, cyclohexane, cycl-octane, toluene, naphtha,
1,4-dioxane, tetrahydrofuran, diglyme, aqueous and non-
aqueous mixtures thereof, such as acetone and water,
acetone and methanol, acetone and ethyl alcohol, methylene
dichloride and methanol, and ethylene dichloride and metha-
nol.

DETAILED DISCLOSURE OF EXAMPLES
PROVIDED BY THE INVENTION

The following examples are merely illustrative of the
present invention and they should not be considered as
limiting the scope of the invention in any way as these
examples and other equivalents thereof will become appar-
ent to those versed in the art in the light of the present
disclosure, the drawings and the accompanying claims.

EXAMPLE 1

A dosage form adapted, designed and shaped as an
osmotic drug delivery device is manufactured as follows:
first, 12.5 kg of micronized tandospirone citrate, 5.62 kg of
poly(ethylene oxide) possessing a 200,000 molecular weight
and 5.62 kg of a poly(ethylene oxide) possessing a 300,000
molecular weight are added to a Freund Flo-Coater’s®
bowl, a fluid bed granulator. The bowl was attached to the
coater and granulation process was initiated for effecting
granulation. Next, the dry powders were air suspended and
mixed for 7 minutes. Then, a solution prepared by dissolving
1000 g of poly(vinyipyrrolidone) identified as K29-32 hav-
ing an average molecular weight of 40,000, in 15,667 g of
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water was sprayed from 3 nozzles onto the powder. The
coating conditions were monitored during the process of
aqueous poly(vinylpyrrolidone) as follows: solution spray
rate of 125 g/min from each nozzle for a total spray rate of
375 g/min; inlet temperature 45° C.; and process air flow of

1000 cfm.

The coating process was computerized and automated in
cycles. Each cycle contained 30 seconds of solution spray-
ing followed by two seconds of drying and 10 seconds of
filter bags shaking to unglue and possible powder deposits.
At the end of the solution spraying, 16,667 g, the coated
granulated particles were continued with the drying process
for 25 minutes. The machine was turned off, and the coated

5
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passageways, 25 mils (0.635 mm), and it had a tandospirone
citrate mean release rate of 11.67 mg/hr. Accompanying
FIGS. 3a and 3b depict the delivery pattern for a dosage
form provided by this example.

EXAMPLE 2

Following the procedure of Example 1, an osmotic dosage
form comprising a drug dose of 80 mg of drug was prepared
to provide the following dosage form: a drug layer com-
prising 50 wt % of tandospirone citrate, 25 wt % of
poly(ethylene oxide) comprising a 200,000 molecular
weight, 19.95 wt % of poly(ethylene oxide) comprising a

- 300,000 molecular weight, 4.0 wt % of poly(vinyl

granules were removed from the Flo-Coater. The coated

granules were sized using a Fluid Air Mill. The granulation
was transferred to a Rotocone®, mixed and lubricated with
250 g of magnesium stearate and mixed with 12.5 g of

butylated hydroxytoluene.

Next, a push composition is prepared as follows: first,

415.5 g of pharmaceutically acceptable poly(ethylene oxide)
comprising a 7,500,000 molecular weight, 150 g of sodium
chloride and 6 g of ferric oxide separately are screened
through a 40 mesh screen. Then, all the screened ingredients
are mixed with 30 g of hydroxypropylmethylcellulose com-
prising a 11,200 molecular weight to produce a homoge-
neous blend. Next, 300 mg of denatured anhydrous alcohol
1s added slowly to the blend with continuous mixing for 5
minutes. The freshly prepared wet granulation is passed
through a 20 mesh screen, allowed to dry at room tempera-
ture for 16 hours, and again passed through a 20 mesh
screen. The screened granulation is mixed with 1.5 g of
magnesium stearate in a rollermill for 5 minutes.

Next, the tandospirone drug composition and the push
composition are compressed into bilayered tablets. First, 352
mg of the tandospirone composition is added to a punch and
tamped, then, 175 mg of the push composition is added and
the layers are pressed under a pressure head of two tons into
a 716" (1.11 cm) diameter contacting layered arrangement.

- The bilayered arrangements are coated with a semiper-
meable wall. The wall forming composition comprises 95%
cellulose acetate having a 39.8% acetyl content, and 5%
polyethylene glycol having a molecular weight of 3350. The
wall-forming composition is dissolved in an acetone:water
(90:10 wt:wt) cosolvent to make a 4% solids solution. The
wall forming composition is sprayed onto and around the
bilayers in a 24" Vector Hi-Coater.

Next, two 25 mil (0.635 mm) exit passageways are
mechanically drilled through the semipermeable wall to
connect the drug layer with the exterior of the dosage
system. The residual solvent is removed by drying for 48
hours at 50° C. and 50% humidity. Next, the osmotic
systems are dried for 1 hour at 50° C. to remove excess
moisture. The dosage form produced by this manufacture
provides 50 wt % tandospirone citrate, 45 wt % poly
(ethylene oxide) possessing a blend 200,000 molecular
weight and a 300,000 molecular weight, 4 wt % poly(vinyl
pyrrolidone) possessing a 40,000 molecular weight, 0.95 wt
% magnesium stearate, and 0.05 wt % butyl hydroxytoluene.
The push composition comprises 68.8 wt % poly(ethylene
oxide) comprising a 7,500,000 molecular weight, 25 wt %
sodium chloride, 5 wt % hydroxypropylmethylcellulose
possessing 11,200 molecular weight, 1.0 wt % ferric oxide
and 0.2 wt % magnesium stearate. The semipermeable wall
comprises 95 wt % cellulose acetate comprising a 39.8%
acetyl content, and 5.0 wt % polyethylene glycol comprising
a 3350 molecular weight. The dosage form comprises two
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pyrrolidone), 0.05 wt % of butyl hydroxytoluene, and 1.0 wt
% magnesium stearate. The push composition comprises
08.75 wt % poly(ethylene oxide) of 7,500,000 molecular
weight, 25.0 wt % sodium chloride, 5.0 wt %
hydroxypropylmethylcellulose, 1 wt % ferric oxide and (.25
wt % magnesium stearate. The wall comprises 95 wt %
cellulose acetate comprising 39.8% acetyl content and 5 wt
% poly(ethylene glycol) of 3350 molecular weight. The
dosage form comprises two 30 mils orifices, 0.762 m, and
the cumulative release rate is depicted in FIG. 4. In this
e¢xample, the drug layer weighed 176 mg, consisting of a
dose or 80 mg of tandospirone citrate plus an overage of 8
mg tandospirone citrate.

EXAMPLE 3

The procedures of Example 1 and Example 2 are followed
in this example to provide a dosage form comprising a total
drug content of 132 mg of tandospirone citrate forming a
tandospirone citrate dose of 120 mg and an overage of 12
mg. exhibiting a mean release rate of 9.17 mg/hr of tan-
dospirone citrate over a 15.6 hour period of time. In this
example, the total weight of the drug layer was 264 mg, the
total weight of the push layer was 130 mg, the dosage form
had a diameter of 1¥%42 inches (10.32 mm) and 2 orifices of
30 mils (0.762 mm).

EXAMPLE 4

A dosage form is provided comprising the following: a
total tandospirone citrate of 88 mg forming a drug dose of
tandospirone of 80 mg and an 8 mg overage; a drug layer
comprising 50 wt % tandospirone citrate, 70 wt % poly
(ethylene oxide) comprising a blend of an average 200,000
molecular weight, and an average 300,000 molecular weight
4 wt % poly(vinyl pyrrolidone) of 40,000 average molecular
weight, 0.95 wt % magnesium stearate, and 0.05 wt % butyl
hydroxytoluene; the push layer weighed 174 mg and com-
prises 68.75 wt % poly(ethylene oxide) of 7,500,000
molecular weight, 25 wt % sodium chloride, 6 wt %
hydroxypropylmethylcellulose, 1 wt % ferric oxide, and
0.25 wt % magnesium stearate; a wall comprising 95 wt %
cellulose acetate comprising an acetyl content of 39.8%, and
5 wt % polyethylene glycol. The dosage form comprises two
25 mils (0.635 mm) passageways, and a nominal T, over 14
hours means release rate of 6.1 mg/hr of tandospirone
citrate.

EXAMPLES 5 AND 6

Two dosage forms comprising a total dose of 176 mg of
tandospirone citrate were prepared wherein both dosage
forms comprised a 352 mg drug layer comprising 50 wt %
tandospirone citrate, 33.75 wt % of poly(ethylene oxide)
comprising a 200,000 molecular weight, 11.25 wt % of
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poly(ethylene oxide) comprising a 300,000 molecular
weight, 4 wt % of poly(vinyl pyrrolidone) comprising
40,000 molecular weight, and 1 wt % magnesium stearate.
The push layer was as described in Example 4. One dosage
form provided by this example comprises one passageway
of 25 mils diameter (0.635 mm) and a nominal Ty, mean
release rate of 10.820 mg/hr for 15.7 hours; and the other
dosage form comprises two passageways of 25 mils diam-
eter (0.635 mm), a nominal T, and a mean release rate of
11.128 mg/hr tor 15 hours.

EXAMPLES 7 AND 3

Two dosage forms were manufactured comprising a drug
layer weighing 352 mg and a push layer weighing 174 mg.
The drug layer in one manufacture comprises 50 wt %
tandospirone cifrate, 25 wt % poly(ethylene oxide) compris-
ing a 200,000 molecular weight, 19.95 wt % poly(ethylene
oxide) comprising a 300,000 molecular weight, 4 wt %
hydroxypropylmethylcellulose comprising a 11,200
molecular weight, 1 wt % magnesium stearate and 0.05 wt
% of butyl hydroxytoluene. The drug layer in the other
manufacture comprises 50 wt % tandospirone citrate, 25 wt
% poly(ethylene oxide) comprising a 200,000 molecular
weight, 19.95 wt % of poly(ethylene oxide) comprising a
300,000 molecular weight, 4 wt % poly(vinyl pyrrolidone),
comprising a 40,000 molecular weight, 1 wt % magnesium
stearate and 0.05 wt % butyl hydroxytoluene. The push layer
in both manufactures comprises 68.75 wt % poly(ethylene
oxide) comprising a 7,300,000 molecular weight, 25.00 wt
% sodium or potassium chloride, 5 wt % hydroxypropylm-
ethylcellulose comprising a 17,875 molecular weight, 1.00
wt % ferric oxide and 0.25 wt % magnesium stearate. The

semipermeable wall, in both manufactures, comprises 95 wt

% cellulose triacetate consisting of 39.8% acetyl content and
5 wt % poly(ethylene glycol) of 3350 molecular weight. The
dosage form comprises two 25 mil (0.635 mm) passageways
connecting the drug layer with the exterior of the dosage
form. Accompanying drawing FIG. 5 depicts the drug
release over time. The dark square denotes a drug layer
comprising poly(vinyl pyrrolidone) and the plain squares
denote a drug layer comprising hydroxypropylmethylcellu-
lose.

EXAMPLE ©

A dosage form adapted, designed and shaped as an
osmotic drug delivery device is manufactured as follows:
first, 9.675 kg of micronized tandospirone citrate, 14.575 kg
of poly(ethylene oxide) possessing a 190,000 to 210,000
molecular weight with an average 200,000 molecular weight
are added to a Freund Flo-Coater’s® bowl, a fluid bed
granulator. The granulation process was initiated for effect-
ing granulation. Next, the dry powders were air suspended
and mixed for 4 minutes. Then a solution prepared by
dissolving 500 g of poly(vinylpyrrolidone) identified as
K29-32 having an average molecular weight of 40,000 in

7,850 g of water was sprayed from 3 nozzles onto the
powder. The coating conditions were monitored during the

process of aqueous poly (vinylpyrrolidone) as follows; solu-
tion spray rate of 110 g/min from each nozzle for a total
spray rate of 330 g/min; inlet temperature 45° C.; and
process air flow of 1000 cfm.

The coating process was computerized and automated 1n
cycles. Each cycle contained 30 seconds of solution spray-
ing followed by two seconds of drying and 10 seconds of

filter bags shaking to unglue any possible powder deposits.

At the end of the solution spraying the coated particles were
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further dried by the drying process for 25 minutes. The
machine was turned off, and the coated granules were

removed from the Flo-Coater. The coated tandospirone were
sized using a Fluid Air Mill. The particles were transferred
to a Rotocone®, lubricated and mixed with 237.5 g of
magnesium stearate and mixed with 12.5 g of butylated
hydroxytoluene.

Next the push composition is prepared as follows: first,
36,000.0 grams of sodium chloride, and 1,200.0 grams of
red ferric oxide are separately screened through an 8 mesh
screen using the Quadro-Co Mill. Then the screened ingre-
dients plus 76,410 grams of pharmaceutical acceptable poly
(ethylene oxide) comprising of 7,500,000 molecular weight,
and 2,090 grams of hydroxypropylmethylcellulose compris-
ing 11,200 molecular weight are dispensed into the bowl of
the 120 kg Glatt fluid bed machine. Next, the dry powders

are air suspended and mixed for 3 minutes. To prepare the
binder solution, first, 3,910.0 grams of hydroxypropylmeth-
ylcellulose comprising 11,200 molecular weight is dissolved
in 45,339 grams of water, and 90.0 grams of butylated
hydroxy toluene is dissolved in 650 grams of denatured
ethanol. The two solutions are combined to form the final
binder solution. The condition monitored during the process
are as follows: solution spray rate of 800 g/min (3 nozzles
are used); inlet temperature 45° C.; outlet temperature 24°
C., and process air flow of 3,000 ft’/min. The blending
process is computerized and automatic in cycles. Each cycle
contains 1.5 minutes of solution spraying followed by 10
seconds of bag shaking to remove any possible powder
deposits. A total of 44,000 grams of solution is sprayed.
After solution spaying, the particles are dried for 50 minutes
at 21° C. to reach a moisture content of 0.29%. The drug
particles are removed and sized through an 8 mesh screen
using the Quadro-Co Mill. Then 300.0 grams of magnesium
stearate, screened through a 16 mesh screen, 1s mixed into
the granulation using a tote tumbler for 3 minutes at 8 rpm.

Next, the tandospirone citrate drug composition and the
push composition are compressed into bilayered tablets.
First, 434 mg of the tandospirone containing composition is
added to a punch and tamped, then 260 mg of the push
composition is added and the layers are pressed under a
pressure head of two tons into a 0.700x0.375" (1.778x0.953
cm) modified oval contacting layered arrangement.

The bilayered arrangements are coated with a semiper-
meable wall. The wall forming composition comprises 95%
cellulose acetate having a 39.8% acetyl content, and 5%
polyethylene glycol having a molecular weight of 3350. The
wall-forming composition is dissolved in an acetone:water
(95:5 wt:wt) cosolvent to make a 4% solids solution. The
wall forming composition is sprayed onto and around the

bilayers in a 24" (60 cm) Vector Hi-Coater.

Next, one 25 mil (0.635 mm) exit passageway 1s laser
drilled through the semipermeable wall to connect the drug
layer with the exterior of the dosage system. The residual

solvent is removed by drying for 48 hours at 50° C. and 50%
humidity. Next, the osmotic systems are dried for 1 hour at

50° C. to remove excess moisture. The dosage form pro-
duced by this manufacture provides 38.70 wt % tan-
dospirone citrate, 58.30 wt % poly(ethylene oxide) possess-
ing a 200,000 molecular weight, 2.00 wt % poly(vinyl
pyrrolidone) possessing a 40,000 molecular weight, (.95 wt
% magnesium stearate, and 0.05 wt % butyl hydroxytoluene
in drug composition. The push composition comprises
63.675 wt % poly(ethylene oxide) comprising a 7,500,000
molecular weight, 30.00 wt % sodium chloride, 5 wt %
hydroxypropylmethylcellulose possessing 11,200 molecular
weight, 1.0 wt % ferric oxide, 0.25 wt % magnesium stearate



5,688,518

15

and 0.075 wt % BHTI, (butylhydoxytoluene). The semiper-
meable wall comprises 95 wt % cellulose acetate comprising
a 39.8% acetyl content, and 5.0 wt % polyethylene glycol
comprising a 3350 molecular weight. The dosage form
comprises one passageway, 25 mils (0.635 mm), and it had
a tandospirone citrate mean release rate of 10.5 mg/hr. The
delivery pattern 1s shown in FIGS. 6A and 6B which is
characterized by a substantially constant release rate from
about hour 4 to hour 20 followed by a rapid termination of

delivery.
EXAMPLE %A

The procedure of Example 9 is followed with all condi-
tions as set forth, except the poly(ethylene oxide) in the drug
layer possessed a 290,000 to 310,000 molecular weight with
an average of 300,000 molecular weight and possesses two
exit ports.

EXAMPLE 10

A dosage form is provided for delivering a tandospirone
citrate drug sublingually, wherein the dosage form is sized,
shaped and adapted for sublingual, that is subglossal below
or beneath the tongue for administering the drug to the
hypoglossal drug receptors. The sublingual dosage form for
administering tandospirone citrate to the sublingunal tan-
dospirone receiving area to a patient in need of tandospirone
therapy, comprises: (a) a wall comprising a member selected
from the group consisting of cellulose acylate, cellulose
diacylate, cellulose triacylate, cellulose acetate, cellulose
diacetate and cellulose triacetate, which semipermeable wall
surrounds; (b) an internal lumen; with (c) at least one exit
passageway 1n the wall that connects the exterior of the
sublingual dosage form with the lumen; (d) a push layer in
the lumen comprising an osmotic agent, that in the presence
of fluid that enters the lumen increases in volume and
thereby occupies space in the lumen; and, (¢) a tandospirone
layer in the lumen initially separate from the push layer and
in initial contact with the push layer, which tandospirone
layer comprises a poly(oxyethylene) comprising a 1.75x10°
to 2.25x10° molecular weight (n=4,000 and 5500
rcsyectively) and a poly(oxyethylene) comprising a 2.50%
10° to 3.25x10° molecular weight (n=5700 and 7500
respectively) which dosage form delivers the tandospirone
composition through the exit to the patient at a substantially
zero order rate of release over a period of up to 24 hours to
product a tandospirone plasma level for treating depressive
disorders, including major depression that is single or
recurrent, bipolar disorders such as depressive disorders,
dysthymia, major depression with or without melancholia,
or cyclothymia as characterized by alternate lively and
depressed moods.

EXAMPLE 11

A dosage form 1is provided for delivering tandospirone
citrate buccally, comprising the area adjacent to, or in the
direction of the check, which dosage form is sized, shaped
and adapted for positioning in the buccal area of the mouth
for administering tandospirone to buccal tandospirone drug
receptor areas, wherein the tandospirone buccal dosage form
comprises: (a) a wall comprising a member selected from
the group consisting of cellulose acylate, cellulose diacylate,
cellulose triacylate, cellulose acetate, cellulose diacetate and
cellulose triacetate, which buccally acceptable semi perme-
able wall surrounds: (b) an internal lumen; with (c) at lease
one exit passageway in the wall that connects the buccal
exterior with the interior lumen of the buccal dosage form;
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(d) a push layer in the lumen comprising an osmotic agent,
that in the presence of buccal fluid that enters the lumen
increases in volume and thereby occupies space in the
lumen; and {e) a tandospirone layer in the lumen initially
separated from the push layer and in initial contact with the
push layer, which tandospirone layer comprises a poly(O—
CH,CH*)" wherein n is 4,000 to 5,500 and a second and
different poly(O—CH,CH*" wherein n is 5,700 to 7,500,
which buccal dosage dorm delivers the tandospirone com-
position through the exit to the patient at a substantially zero
order rate of drug delivery over a period up to 24 hours to
produce a tandospirone plasma level for treating depressive
disorders including major depression that is single or
recurrent, bipolar disorders such as depressive disorders,
dysthymia, major depression with or without melancholia,
or cyclothymia as characterized by alternate lively and

~ depressed moods.

EXAMPLE 12

A dosage form comprising 160 mg of tandospirone citrate
is made as folows: first, 12.5 kg of tandospirone citrate is
blended with 2.813 kg of poly(ethylene oxide) having a
200,000 molecular weight and 8.438 kg of poly(ethylene
oxide) having a 300,000 molecular weight and added to a
fluid bed granulator bowl. The granulation was initiated to
effect granulation of the tandospirone citrate/poly(ethylene
oxide). Next, the granules were dried by air suspension for
3 minutes. Then, a solution prepared by dissolving 500 g of
poly(vinylpyrrolidone) possessing a 40,000 molecular
weight in 7,850 g of distilled water was sprayed from 3
nozzles onto the power. The coating conditions were moni-
tored during the process of the aqueous poly
(vinylpyrrolidone) as follows: a solution spray rate of 125
g/min from each nozzle for a total spray rate of 375 g/min;
an inlet temperature of 45° C.; and an air flow of 1000 cfm.

The coating process was computerized and automated in
cycles. Each cycle contained 30 seconds of solution spray-
ing followed by two seconds of drying and 10 seconds of
filter bags shaking to unglue and possible powder deposits.
At the end of the solution spraying the coated granulated
particles were continued with the drying process for 25
minutes. The machine was turned off, and the coated gran-
ules were removed from the Flo-Coater. The coated granules
were sized using a Fluid Air Mill. The granulation was
transterred to a Rotocone®, mixed and lubricated with 245
g of magnesium stearate and mixed with 12.5 g of butylated
hydroxytoluene.

Next, a push composition is prepared as follows: first,
415.5 g of pharmaceutically acceptable poly(ethylene oxide)
comprising a 7,500,000 molecular weight, 150 g of sodium
chloride and 6 g of ferric oxide separately are screened
through a 40 mesh screen. Then, all the screened ingredients
are mixed with 30 g of hydroxypropylmethylcellulose com-
prising a 11,200 molecular weight to produce a homoge-
neous blend. Next, 300 mg of denatured anhydrous alcohol
is added slowly to the blend with continuous mixing for 5
minutes. The freshly prepared wet granulation is passed
through a 20 mesh screen, allowed to dry at room tempera-
ture for 16 hours, and again passed through a 20 mesh
screen. The screened granulation is mixed with 1.5 g of
magnesium stearate in a rollermill for 5 minutes.

Next, the tandospirone citrate composition and the push
composition are compressed into bilayered tablets. First, 352
mg of the tandospirone composition is added to a punch and
tamped, then 175 mg of the push composition is added and
the layers are pressed under a pressure head of two tons into
a 16" (1.11 cm) diameter contacting layered arrangement.



5,683,518

17

The bilayered arrangements are coated with a semiper-
meable wall. The wall forming composition comprises 95%
cellulose acetate having a 39.8% acetyl content, and 5%
polyethylene glycol having a molecular weight of 3350. The
wall-forming composition is dissolved in an acetone:water
(95:5 wt:wt) cosolvent to make a 4% solids solution. The
wall forming composition is sprayed onto and around the
bilayers in a 24" (60 cm) Vector Hi-Coater.

Next, two 25 mil (0.635 mm) exit passageways are
mechanically drilled through the semipermeable wall to
connect the drug layer with the exterior of the dosage form.
The residual solvent is removed by drying for 48 hours at
50° C. and 50% humidity. Next, the osmotic dosage form is
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dried for 1 hour at 50° C. to remove excess moisture. The

dosage form produced by this manufacture provided 50 wt
% tandospirone citrate, 11.25 wt % poly(ethylene oxide)
having a 200,000 molecular weight, 33.75 wt % poly
(ethylene oxide) having a 300,000 molecular weight, 4 wt %
poly(vinyl pyrrolidone) possessing a 40,000 molecular
weight, 1.0 wt % magnesium stearate, and 0.05 wt % butyl
hydroxytoluene. The push composition comprises 68.8 wt %
poly(ethylene oxide) comprising a 7,500,000 molecular
weight, 25 wt % sodium chloride, 5 wt % hydroxypropyl-
methylcellulose possessing 11,200 molecular weight, 1.0 wt
% ferric oxide and 0.2 wt % magnesium stearate. The
semipermeable wall comprises 95 wt % cellulose acetate
comprising a 39.8% acetyl content, and 5.0 wt % polyeth-
ylene glycol comprising a 3350 molecular weight. The
dosage form comprises two passageways, 25 mils (0.635
mm), and it had a tandospirone citrate mean release rate of
14.53 mg/hr. Accompanying FIG. 7A depicts the cumulative
amount of tandospirone citrate released by the dosage form.

EXAMPLE 13
A dosage form comprising 176 mg of tandospirone citrate

15

20

23

30

35

is made as follows: first, 12.50 kg of micronized tan-

dospirone citrate, 8.438 kg of poly(ethylene oxide) having a
200,000 molecular weight, and 2.813 kg of poly(ethylene
oxide) having a 300,000 molecular weight, are added to a
Freund Flo-Center’s® bowl, a fluid bed granulator. The
bowl was attached and granulation process was initiated for
effecting granulation. Next, the dry powders were air sus-

pended and mixed for 6 minutes. Then, a solution prepared

by dissolving 500 g of poly(vinylpyrrolidone) identified as
K29-32 having an average molecular weight of 40,000, in
8,000 g of water was sprayed from 3 nozzles onto the
powder. The coating conditions were monitored during the
process of aqueous poly(vinylpyrrolidone) as follows: solu-
tion spray rate of 125 g/min from each nozzle for a total
spray rate of 375 g/min; inlet temperature 45° C.; and
process air flow of 1000 cfm.

The coating process was computerized and automated in
cycles. BEach cycle contained 30 seconds of solution spray-

ing followed by two seconds of drying and 10 seconds of
filter bags shaking to unglue and possible powder deposits.

At the end of the solution spraying the coated granulated
particles were continued with the drying process for 25
minutes. The machine was turned off, and the coated gran-
ules were removed from the Flo-Coater. The coated granules
were sized using a Fluid Air Mill. The granulation was
transferred to a Rotocone®, mixed and lubricated with 250
g of magnesium stearate and mixed with 12.5 g of butylated
hydroxytoluene.

Next, a push composition is prepared as follows: first,
415.5 g of pharmaceutically acceptable poly(ethylene oxide)
comprising a 7,500,000 molecular weight, 150 g of sodium
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chloride and 6 g of ferric oxide separately are screened
through a 40 mesh screen. Then, all the screened ingredients
are mixed with 30 g of hydroxypropylmethylcellulose com-
prising a 11,200 molecular weight to produce a homoge-
neous blend. Next, 300 mg of denatured anhydrous alcohol
is added slowly to the blend with continuous mixing for 5
minutes. The freshly prepared wet granulation is passed
through a 20 meshy screen, allowed to dry at room. temper-
ate for 16 hours, and again passed through a 20 mesh screen.
The screened granulation is mixed with 1.5 g of magnesium
stearate in a rollermill for 5 minutes.

Next, the tandospirone citrate drug composition and the
push composition are compressed into bilayered tablets.
First, 352 mg of the tandospirone composition is added to a
punch and tamped, then, 175 mg of the push composition is
added and the layers are pressed under a pressure head of
two tons into a “is" (1.11 cm) diameter contacting layered
arrangement.

The bilayered arrangements are coated with a semiper-
meable wall. The wall forming composition comprises 95%
cellulose acetate having a 39.8% acetyl content, and 5%
polyethylene glycol having a molecular weight of 3350. The
wall-forming composition is dissolved in an acetone:water
(95.5 wt:wt) cosolvent to make a 4% solids solution. The

wall forming composition is sprayed onto and around the
bilayers in a 24" (60 cm) Vector Hi-Coater.

Next, two 25 mil (0.635 mm) exit passageways are
mechanically drilled through the semipermeable wall to
connect the drug layer with the exterior of the dosage form.
The residual solvent is removed by drying for 48 hours at
50° C. and 50% humidity. Next, the osmotic dosage form is
dried for 1 hour at 50° C. to remove excess moisture. The
dosage form produced by this manufacture provides 50 wt %
tandospirone citrate, 33.75 wt % of poly(ethylene oxide)
having a 200,000 molecular weight, 11.25 wt % of poly
(ethylene oxide) comprising a 300,000 molecular weight, 4
wt % poly(vinyl pyrrolidone) possessing a 40,000 molecular
weight, 0.95 wt % magnesium stearate, and 0.05 wt % butyl
hydroxytoluene. The push composition comprises 68.8 wt %
poly(ethylene oxide) comprising a 7,500,000 molecular
weight, 25 wt % sodium chloride, 5 wt % hydroxypropyl-
methylcellulose possessing 11,200 molecular weight, 1.0 wt
% ferric oxide and 0.2 wt % magnesium stearate. The
semipermecable wall comprises 95 wt % cellulose acetate
comprising a 39.8% acetyl content, and 5.0 wt % polyeth-
ylene glycol comprising a 3350 molecular weight. The
dosage form comprises two passageways, 25 mils (0.635
mm), and it had a tandospirone citrate mean release rate of
17.24 mg/hr. Accompanying FIG. 7B depicts the cumulative
dose released over 24 hours. The above examples provide
continuous release dosage forms that provide for the

extended release of 1 mg/hr to 20 mg/hr over 24 hours of

tandospirone pharmaceutically acceptable salt for treating
depressive disorders in a patient in need of tandospirone
therapy. New Example 13 illustrates the advantage of a
polymer blend in drug layer 16 at a drug loading above 45
wt %. Examples 12 and 13 by comparison illustrate that a
poly(ethylene oxide) possesses a lower molecular weight,

- for example 200,000, exhibits a quicker start-up time and
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delivers a greater concentrate of drug in a comparable period
of time.

DISCLOSURE OF USE OF THE DOSAGE
FORM FOR PERFORMING A METHOD OF
PRACTICING THE INVENTION

A embodiment of the invention pertains to the use of the
dosage form provided by the invention in a method for
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- delivering a drug of formula 1 at a controlled rate orally to
a warm-blooded animal in need of drug formula 1 therapy,
wherein the use comprises the steps of: (A) admitting into
the warm-blooded animal a dosage form comprising: (1) a
wall surrounding a compartment, the wall comprising a
semipermeable polymeric composition permeable to the
passage of fluid and substantially impermeable to the pas-
sage of drug; (2) a drug layer in the compartment comprising
a formulation comprising a dosage unit amount of the drug
of the formula:

A

0
7\

N—CpHz,—N N—R
__/

O

for performing a therapeutic program; (3) a push layer in the
compartment comprising an osmotic formulation for imbib-
ing and absorbing fluid for expanding in size for pushing the
drug of the formula from the dosage form; (4) at least one
osmotic dimensioned passageway in the wall for releasing
the drug; (B) imbibing fluid through the semipermeable wall
at a fluid rate determined by the permeability of the semi-
permeable wall and the osmotic pressure across the semi-
permeable wall causing the push layer to expand; and (C)
delivering the therapeutically active drug from the dosage
form through the exit passageway to the warm-blooded
animal over a prolonged period of time up to 24 hours. The
drug to the formula is administer by the method of the
invention for treating depressive disorders, including major
depression—single or recurrent, bipolar disorder—
depressed depressive disorders, dysthymia, major depres-
sion with our without melancholia, or cyclothymia as char-
acterized by alternate lively and depressed moods. The drug
can be in the exo form as follows:

N—(CH,)(—N N
\__/

N
<
,

or, the drug can be in the endo form as follows:

H
0 — N
|
: N—(CH);—N N—(’ \
S/ N =

O

or the dmg can be a mixture of the exo and the endo forms.

Dosage form 10 of this invention, as seen from the above
disclosure and in the above drawing figures, can be used in
a method for administering a drug by the oral route, and in
another method, the dosage form can be sized and shaped for
administering a drug by the sublingual and buccal routes.
The sublingual and buccal routes can be used for quicker
therapy and they can be used when a smaller dose of drug
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is needed for therapy. The latter routes can be used as a
by-pass of the first pass of hepatic metabolism of the drug.
The drug of FIGS. (1) and (2) can be administered by the
sublingual or buccal routes can be used for administering the
drug for the management of anxiolytic patients.

In summary, it will be appreciated that the present inven-
tion contributes to the art an unobvious dosage form that
possesses practical utility, can administer a drug at a dose
metered release rate per unit time. While the invention has
been described and pointed out in detail with reference to

operative embodiments thereof, it will be understood by
those skilled in the art that various changes, modifications,
substitutions and omissions can be made without departing
from the spirit of the invention. It is intended, therefore, that
the invention embraces those equivalents within the scope of
the claims which follow.

We claim:

1. A therapeutic composition of matter comprising:

(a) less than 45% by weight of a drug of the following

formula:

in either exo or endo form and the base and pharma-

ceutically acceptable salts thereof; wherein A is

selected from the group consisting of an oxygen atom,

a methylene group and an ethylene group, the full line

embracing a broken line ( ) designates either a

- single bond or a double bond, R is a phenyl group
optionally substituted with a member selected from the

group consisting of halogen, an alkyl group of 14

carbon atoms, an alkoxy group of 1-4 carbon atoms, a

trifluoromethyl group, a 2-pyridyl group and a

2-pyrimidinyl group;

(b) 30% to 60% by weight of a polymeric composition
comprising:

(1) a first polymer selected from the group consisting of
the repeating molecular unit —(—O—CH,CH,—)
—, Whereln n is in the range of 4000 to 5500, or a
second polymer having the same repeating molecu-
lar unit wherein n is in the range of 5700 to 7500;

and,
(c)

(i1) 0-3% by weight of a lubricant;

(111) 0—20% by weight of an osmagent;
(iv) 0-4% by weight of an antioxidant and
(v) 0—-10% by weight of a binder.

2. The composition of claim 1 wherein the polymer (i)
must be the above 45% by weight.

3. The composition of claim 1 or 2 wherein said drug is
selected from the group consisting of tandospirone, its base
and pharmaceutically acceptable salts.

4. The composition of claim 3 wherein said drug is
tandospirone citrate.

5. The composition of claim 3 comprising 38.7% by
weight tandospirone citrate, 58.3% by weight of polymer (i)
wherein n is in the range of 4500-5500, 2% by weight
polyvinyl pyrrolidone, 0.05% by weight of butyl hydroxy-
toluene and 0.95% by weight of magnesium stearate.

6. The composition of claim 3 comprising 38.7% by
weight of tandospirone citrate, 58.3% by weight of a poly-
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mer (i) wherein n is in the range of 5700 to 7500, 2% by
weight of polyvinyl pyrrolidone, 0.05% by weight of a butyl
hydroxytoluene and 0.95% by weight of magnesium stear-
ate.

7. The composition of any preceding claim wherein said
composition contains from 1 to 750 mg of the drug.

8. An osmotic dosage form comprising:

(a) the therapeutic composition of any preceding claim
contained within a compartment formed at least in part
by a semipermeable material;

(b) a passageway providing communication between said
composition and the exterior of said compartment;

(c) a push composition is said compartment which swells
when said semipermeable material is contacted by
water to push said therapeutic composition through said
passageway at a substantially constant rate over a
period of up to 30 hours.

9. The dosage form of claim 8 wherein said push com-

position comprises: |

(a) 50%-75% by weight of a polymer consisting of the
repeating molecular unit —(—0O—CH,CH,—)—,
wherein n is in the range of 90,000 to 230,000
(i) 15%—-35% by weight of an osmagent;

(i1) 0.1%-20% by weight of a cellulose ether;
(iil) 0%—-5% by weight of a lubricant;

(iv) 0%-4% by weight of an antioxidant; and
(v) 0%—10% by weight of an inert pigment.
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10. The dosage form of claim 9 wherein at least 0.03% by

weight of said antioxidant is present in said push layer.

11. The dosage form of claim 9 or 10 wherein said
semipermeable material is a composition comprising
70%-100% by weight of a material selected from the group
consisting of cellulose acylate, cellulose diacylate and cel-
lulose triacylate, 0%—25% by weight of a cellulose ether and
0%—15% by weight of polyethylene glycol.

12. A therapeutic composition of matter comprising:

(a) tandospirone citrate;

(b) a polymeric composition comprising:

(i) a polymer selected from the group consisting of the
repeating molecular unit —(—O—CH,CH,—)—,
wherein n is in the range of 4000 to 5500, and a
polymer having the same repeating molecular unit
wherein n is in the range of 5700 to 7500; and,

(c)

(il) 0—-3% by weight of a lubricant;

(ii1) 0-20% by weight of an osmagent;

(iv) 0—4% by weight of an antioxidant and

(v) 0~10% by weight of polyvinyl a binder.

13. The composition of claim 12 wherein component (i)
must be the mixture of polymers at a tandospirone citrate
concentrations above 45% by weight.

14. The composition of claim 12 containing from 1-750
mg tandospirone citrate.

15. An osmotic dosage form comprising:

(a) the therapeutic composition of claim 12 contained
within a compartment formed at least in part by a
semipermeable material;

(b) a passageway providing cominunication between said
composition and the exterior of said compartment;

(c) a push composition is said compartment which swells
when said semipermeable material 1s contacted by
water to push said therapeutic composition through said
passageway at a substantially constant rate over a
period of up to 30 hours.

16. The dosage form of claim 15 wherein said push

composition comprises: |
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(a) 50%-75% by weight of a polymer consisting of the
repeating molecular unit —(—QO—CH,CH,—)
wherein n is in the range of 90,000 to 230,000
(i) 15%-35% by weight of an osmagent;
(ii) 0.1%—-20% by weight of a cellulose ether;
(iii) 0%—-5% by weight of a lubricant;
(iv) 0%—4% by weight of an antioxidant; and
(v) 0%-10% by weight of an inert pigment.

17. The dosage form of claim 16 wherein at least 0.03%
by weight of said antioxidant is present in said push layer.

18. The dosage form of claim 16 or 17 wherein said semi
permeable material is a composition comprising 70%—100%
by weight of a material selected from the group consisting
of cellulose acylate, cellulose diacylate and cellulose
triacylate, 0%-25% by weight of a cellulose ether and
0%-15% by weight of polyethylene glycol.

19. The dosage form of claim 12 wherein said antioxidant
is butyl hydroxytoluene.

20. The composition of any of claims 1 or 12 wherein the
average molecular weight of said first polymer is 200,000
and the average molecular weight of said second polymer is
300,000. |

21. The dosage form of any of claims 1-7 or 12-14
wherein the average molecular weight of said first polymer
is 200,000 and the average molecular weight of said second
polymer is 300,000.

22. A dosage form comprising 1 mg to 750 mg of a
tandospirone salt that is released at a continuous rate of 1
mg/hr to 20 mg/hr by the dosage form.

23. The dosage form according to claim 22 wherein the
tandospirone salt is tandospirone citrate and is released
continuously up to 24 hrs.

24. The dosage form according to claim 23 wherein the
tandospirone is blended with a poly(ethylene oxide) of
200,000 average molecular weight.

25. The dosage form according to claim 23 wherein the

I

~ tandospirone is blended with a poly(ethylene oxide) of
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300,000 average molecular weight.

26. A process for preparing a drug-free push formulation
for use in an osmotic dosage form, said formulation com-
prising: |

(a) 50%—75% by weight of a polymer consisting of the

repeating molecular unit —(—O—CH,CH,~—)—,
wherein n is in the range of 90,000 to 230,000;

(b) 15%-35% by weight of an osmagent;

(c) 0.1%-20% by weight of a cellulose ether;

(d) 0%-5% of a lubricant; |

(e) 0%—10% by weight of an inert pigment; and

(f) 0.03%-4% by weight of butyl hydroxytoluene; said
process comprising the steps of:
(1) thoroughly mixing components (a), (b), (¢) and a
portion of (c) in an air suspended fluid bed;
(2) forming an aqueous solution of the remainder of
component (c);
(3) forming an ethanolic solution of component (e);
(4) thoroughly mixing the aqueous and ethanolic solu-
tions to form a coating solution;
(5) spraying said coating solution into the fluid bed to
coat the suspended solids;
(6) drying the coated particulate product so produced to
a moisture content no greater than 0.29%; and
(7) mixing component {d) into the coated particulate
product.
27. The process of claim 26 further comprising the step of
compressing the product of step (7) in a tablet press.
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28. The product produced by claim 26. 30. The dosage form of claim 1 or 12 wherein the push
29. The product of claim 26 wherein said push compo- composition comprises the product of claim 26.

sition contains at least 0.03% by weight of butyl hydroxy-
toluene. | ¥ ook ok ox Ok
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